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Yoghurt Production by Lactobacillus
Fermentation of Soybean Milk
H. Kanda, H. L. Wang, C. W. Hesseltine and K. Warner
A simple and inexpensive method of treating soybean to improve the flavour of soybean milk is
described. Fermentation of this milk L acidophilus strains and subsequent flavouring notably with
lemon flavour has yielded an acceptable yoghurt. This yoghurt can be stored at SoC for up to 19 days
without significant change.

SOYBEANS rich in protein have been
an important food item in Asia for
centuries. In the 20th century. eYen
in Europe and the United States. soy
beens have become increasingly· pop.
ular as a protein source to reolace.
meet and dairy produets. HOWeYM.
the use of soybeans as food is still
limited. partly because of their
obiectionable flavour and also be
cause they contribute flatulence.
Numerous methods. therefore. have
~ deYeloped eithM to remove or
to reduce these undesirable factora.

A large variety of compounds that
m3Y contribute to the flavour of soy
been products have been isolated. but
specific compounds responsible for
the flavour have not been identified.
One of the theories is that some un
dll1lirable flavours are not originally
present in the beens. but when the
beens are cracked or damaged in the
presence of moisture and air. rancid
and off-flavours develop. Wilkens at
al' observed that soybean milk pre
pared from fuil-fat soybeans was
described as beany. rancid. and off..
flavoured. whereas soybean milk
from defatted beens had a compara
tively bland cereal-type odour. They
postulated that off-flavours are due
to the oxidation of polyunsaturated
fats by Iipoxygenase. Mustaltas at ai'
also concluded that inactivation of
lipoxygenase is an important step in
the preparation of bland-flavoured
full-fat soybean flour. Several meth
ods have since been proposed to in
activate the enzyme. Wilkens at ai'
suggested a high-temperature. rapid
hydration grinding process for m!lking
a nearly bland soybean milk. Mustaltas
at af proposed a dry-heat precon
ditioning step to inactivate lipoxy
genase and other enzymes. Nelson
et sf' recommended blanching in
boiling weter before grinding. Be
cause Iipoxygenase is inactive at low

Thil work w.. carried out at the
North.m Region.1 R rch ubor..
tOry. Agricultur.l R rch S.rvic••
US O.p.rtm.nt of Agriculture. Peori•.
lilinoi. 61604. Mr K.nd•. '11 vilitlng
Ici.nti.t at the North.m ubor.tory
from Jaoan. il ..Ioci.t.d with
NI••hin Oil Mill. Ltd of Yokoham•.
Or W.ng. R.I.arch Ch.milt: Or
H....ltin.. Chi.f of F.rm.nt.tion
Labor.tory: M. W.m.r. Hom. Econo
mi.t. are all at th. North.m Labor.
tOry.

pH. Kon et af5 ground soybeans at
pH below 3.85 and then cooked the
slurry to destroy the enzyme.
Mustaltas' also prepared a lipid-pro
tein concentrate for beverages from
full-fat soybean meal by cooking
undM an acidic condition.

Fermentation processes. which
may induce better flavour. destroy or
mask disegreeeble ones. have long been
used in the Orient !O improve the
palatibility of soybean products such as
tempeh. soysauce. miso. and sufu. Al
though soybean milk has a long his
tory as a popular beverage in the
Orient. it was not until the late 1960's
that invll1ltigators began to develop fer
mented products from soybean milk by
using the same cultures and processes
employed by the dairy industry. Ac
cording to Obara' of Tokyo University
of Education. Japan. no acceptable pro
duct can be obtained from soybean milk
by the convention31 cheese-making
process. and he suggested treating
soybean curci- with protease followed
by fermentation with· Streptococcus
cremoris and S. lactis (1: 1). Micro
organisms do behave differently on
diffewent substrates. and they vary
greatly among different strains of the
same species. as well as between
different species. Therefore. it is not
surprising that cultures and processes
used in the dairy industry are often
unsuited for soybean milk fermen
tation.

Wang et al' examined eight strains
of Lactobacillus acidophilus and four
strains of L. bulgaricus for ttleir
ability to ferment soybean milk. They
found that L. acidophilus strain NRRL
6-1910 consistently produced a better
product than any of the other cul
tures studied. Furthewmore. the beeny
flavour of fMmented soybean milk
was greatly reduced as compared to
unfermented soybean milk. In 1975.
Stem et al' investigated the utilization
of various sugars by the same cul
tures that Wang et al studied, and
found that L. acidophilus stra ins
NRRL 6-1910 and B·1911 were most
effective in using stachyose and
raffinose as carbon sources; presence
of thll1le sugars in soybeans has been
suggested as the cause of flatulence.
L. acidophilus NRRL 6-2092 used
sucrose well. and it also gave a good
flavour when used to ferment soy
bean milk. Thus. a mixed strain fer
mentation of the same species. such
as strains NRRL6·1910 and 6·2092

of L. acidophilus. could lead to a
good flavoured food having a low
flatulence factor.

Our purpose was first to develop
a simple and inexpensive treatment
for soybeans to improve the flavour
of the milk. and then Ul use a mixed
culture fermentation to make a yogurt
like food.

Traditional SOyDeen milk
Traditionally. soybean milk is a

simple water extract of whole soy
beans. The beans are soaked In water
overnight and ground wet. The slurry
is ttlen brought to a boil and filtered
to remove ttle insoluble residu.. In
some parta of the Orient. beans are
soaked in sodium bicarbonate solu
tion. because the natives belieYe that
this treatment reduces ttle beeny
flavour. The resultant soybean milk
is a stable Q.il emulsion and has a
charactMistic flavour. which is un·
acceptable to many consumers.

Ex!*'imental soy~ milk
Accepting the concept that heat

inactivates enzymes and the belief
that soaking in sodium bicarbonate
solution reduces the beany flavour.
we incorporated both treatments in
our process. The beens WMe soaked
in water for 16 hours at 20· C and
drained. The soaked beans WMe
boiled in sodium bicarbonate solu
tions of various concentrations for
five minutes and again drained. The
bicarbonate-heat-treated beans were
then blended two minutes in a
Waring Blendor' with the addition of
enough water to give a water to dry
beans ratio of 8:1 on a weight basis.

Heat treatment. hOWeYM. has long
been recognised as a method of re
ducing ttle solubility of soybean pro
tein. We found that the protein content
of soybean milk made from beens
boiled in water for five minutes be
fore blending was 1.43% as com
pared wittl 3.45% in milk made from
beans without boiling. Recently.
Wang" introduced an ultrasonic pro
cedure to increase the extractability
of heat-denatured soybean protein.
The blended soybean slurry. there
fore. was subjected to ultrasonic.
treatment for ten minutes at a fre
quency of 20 kHz with Sonifier
J-32A of Branson Instruments, Inc.
The slurry was centrifuged at 3.000
rpm for five minutes after treatment.
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sucrose wa. added to the soybean
milk to give a balanced taste of
sweetness and sourness to the fer
mented product. Sucroae-enriched
soybean milk. however. stili i. low in
tltrltible acidity lifter 24 hours at
37· C in a mixed culture fermentation
(Table 31. To stimulate bacterial
growth which, in tum. would increase
tltrltable acidity. Cheddar ch....
whey sollds;' were added to tha milk.
Aa whey solids increased from 0 to
4%. the tlU'a1:ltMe acidity of thtt ....ult.
ant yogurt increased from 0.40 to
0.74". Texture of the yogurt curd
slso improved from weak to firm a.
the concantrltion of whey solid. wa.
increased. However. when the amount
of whey solidi approached 4". the
whey-enriched soybean milk coagula.
ted during sterilization. ConHQuentiy.
teX1Ure of the fermented product was
unacceptable. An acceptable soybean
milk medium finally selected tor fur·
ther study consisted of 5% sucrose
and 2% whey solids.
Sterilization conditions

Soybean milk must be subjected
to high·temperature treatmeM before
fermentation to obtain I good nutri·
tional value. as well as to dHtroy
indigenous bacterial spore•• However.
high temperatures could also have
adverse effects on the Quality of the
fermented product. Hence. it is
essential to find In optimum sterili·
zatlon or pa.teurizatlon condition.
Data in Table 4 reveal that yogurt
mlde from soybean milk sterilized at
90· C had d..irable colour. taste. and
titratable acidity. but very soft tex·
ture. In addition to a slightly bitter
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Flavour and odour evaluation of traditional and experimental IOYbeMl

"Telted with a curd meter manufactured by lio Electric Co of Japan.
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pH
6.6
6.8
7.1
7.4

on the flavour of bicarbonate-ileat
treated soybean milk than that of
traditional soybean milk (5.6 vs 3.3l
The soybean milk made by our pro·
can has improved in flavour. a. well
as in protein content.

• A 14-member f1avou r panel
1a is excellant.
"Significant difference at 99% confidence leval.

Yogurt from 8XJHWimental 80Ybeen
milk
Mixed·strain starter cultures

L. acidophilus strains NRRL B·1910
and B·2092 were used for fermen
tation. Lyophilized cultures obtain&d
from the ARS Culture Collection
maintained at the Northern labora·
tory were first cultivated in deep
liver medium. and then transferred
to soybean milk medium. Each cui.
ture was incubated at 37·C for 24
hours and was serially trsnsferr&d at
leest twice in the same medium ba
fore using as a starter. These cui·
tures were grown singly and blended
in the ratio of 1:1 just before their
addition to soybean milk medium for
yogurt fermentation.
Soybean milk medium

Although sucrose does not sig·
nificantly affect the growth of L
acidophilus B·1910 and B·2092. 5%

Table 3. Titrateble acidity and texture of soybean i yogurt aa .ffected by the
addition of cheese whey solida.
Cheese whey solids Titratable acidity

(%) (% as lactic acid)
o 0.40
0.5 0.51
1.0 0.61
2.0 0.88
3.0 0.70
4.0 0.74

Tabla 2.
millca
Evaluation
Flavour score"
Descriptions

Table 4. Characteristics of soybaen yogurt from sovb-n milk subjected to varied
h_t uo-tment.

Treatment
Temperature Time

(·C) (min)
90 10
90 20

100 10
100 20
121 10

Sodium bicarbonate
(%)
o
0.2
0.5
1.0

Table 1. Effect of boiling .oybeans in sodium bicarbonate
ment on protein content and pH of resultant soybean milk.

Befora
ultrasonic treatment

Protein
(%)

1.43
1.53
1.61
1.73

To illustrate the effect of sodium
bicarbonate and ultrasonication on
protein content and pH of the resul.
tant milk. soaked soybeans were
boiled for five minutes in various
concentrations of sodium bicarbonate
solutions before blending. Soluble
protein was then determined before
and after ultrasonic treatment by a
Kjeldahl digestion method based on
6.25 as a conversion factor for nitro.
gen to protein. As indicated in Table
1. increasing the concentration of
bicarbonate from 0 to 1% silghtly
increased solubility of heat-denatured
protein. and also pH of the resultant
milk. ,ultarsonic treetment. on the other
hand. greatly increased the amount of
extractable protein. Ba.ed on protein
content and pH of the resultant milk.
we selected 0.2% sodium bicarbonate
as the optimal solution for pr~ring

soybean milk. The compl&t& process
developed in our laboratory is shown
an Fig 1.
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Fig 1 Process steps in making experi.
mental soybean milk.

Samples of traditional soybean
milk and experimental soybean milk
made from bicarbonate·heat.treated
soybeans were evaluated by 14 memo
bers of a flavour panel. Panel mem
b&rs w&re instructed to describe the
predominant flavour for each sample
and to assess overall flavou~ inten
sity by assigning values from 1 to
10. A score of 1 represent&d repul
sive flavour; 10 representing excel
lent. Statistical differences between
samples were determined by a two
way analysis of variance. Flavour
scores and descriptions (Table 2) in
dicated a significantly higher score
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viable cell count. After that time.
our study showed that the viable
count was reduced to a pOint that
many yogurt consumers migh: con
sider too low. Although the viable
cell count of yogurt remained high
after about 19 daya at 20·C. titrat
able acidity of the yogurt was too
high to suit mOlt consumers' taste.
We found that the most acceptable
tltratable acidity was 0.8% of lactic
acid. When the acidity WJS higher
than 0.9%. the yogurt had .. harsh
flavour.
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flavour is extremely complement:lry
to soybeen yogurt.

Our preliminary studiel led UI to
the d...,elopment of a procels to pro
duce soybean yogurt 1Fig 2).
Taste penel evaluation

Unflavoured yogurt samplel made
by the process illustrated in Fig 2
from both traditional and experimen
tal soybeen milks were evaluated by
the flavour panel. Again. members
give higher Quality rating scores to
yogurt made from experiment31 soy·
been milk than that from traditional
milk 16.0 vs 4.5) on a 1()..point scale
where 1 ia repulsive and 10 is excel·
lent. The scores also indicated that
fermentation improved the flavour of
soybeen milk. since the scores for
unfermented milk samples were 5.6
and 3.3. respectively.
Keeping qu,lity of soybe,n yogurt

Texture. taste. and colour are

Fig 2. Outline for yoghurt production
from soybean milk.

important keeping qualities of any
food. In the case of yogurt. viable
bacterial count is also critical. be
cause many yogurt consumers.
especially in Japan and Europe. con
sider the presence of active lactic
acid bacteria an enential feature of'
yogurt. As indicated in Table 6.
soybesn yogurt can be kept at 5· C
for about 19 days without any sig.

nificant change in acidity. pH. and

Table 5. Yogun ctUlllity as effected by protein content cri 1Oyi)een mille

ElCu,ction ratio Protein Acidity Hardness
(Warer:bean) (%) (%) (glcmJ

)

6:1 4.5 0.86 17
8:1 3.6 0.71 14

10:1 2.8 0.65 7

t!ste. yogun made from so¥bun
milk sterilized at 121·C had a darker
colour and harder texture. A satis
factory product. how...,er. can be
obtained from soybean milk heated at
100· C for either 10 or 20 minut...
To enaure aseptic conditions. we
recommend heating soybun milk at
1oo·C for 20 minutes.
Effect of protein cont.nt of soybe,n
milk on yogurt

Protein content of soybeen milk
can be regulated by varying the pro
portion of water to dry buns during
extraction. The characteristics of
yogun made from soybeen milk with
protein contenta from 2.8 to 4.5%
were investigated. It is evident that
the protein content of soybeen milk.
indeed. affects the acidity and tex
ture of the yogurt produced (Table
5). Yogurt made from soybun milk
containing 3.6 and 4.5%' protein had
a desirable textura. whereas the tax
ture of yogurt mad. from soybeen
milk with a low protein content was
too soft. Acidity of the yogurt also
decreesed as the protein of soybeen
milk decreased. Based on both acidity
and hardness. acceptable. yogurt can
be made from soybeen milk contain
ing 3.6 to 4.5% protein.
Gelatin as stabilizer

To pr...,ent Whey separation in
yogurt. gelatin was uaed as a stabil
izer. Excesa amount of gelatin. how
ever. reaulta in a heevy bodied
yogurt. To determine the optimal
amount of gelatin to use. we incor.
porated 0.5-' .5% of gelatin into
soybeen milk at three different pro·
tein I...,ell. Adding gelatin prevented
free whey; soybun milk with low·
protein levels requiring more gelatin
than that with high-protein levels.
Gelatin needed to prevent free whey
and h8llvy body in soybeen milk con·
taining 4.5. 3.6. and 2.8% protein
was 0.5. , .0. and 1.5% respectively.
Flavouring

Such flavours as vanilla. orange.
strawberry. or lemon. if desired. can
be added to soybeen milk before
inoculation. We found that lemon

Table 6. Keet:ling ctUllllty of ao~ yogurt

Oays
Temperarur" (OC) 0 4 ~ 11 15 19 40

Viab/e cell count
5 9 x 10' 5.7 X 10' 2.2 x 10' 4.5 x 10' 2.8 x 10; 1.1 x 10' 9.6 x 10'

10 9 x 10' 5.7 x 10' 3.2 x 10' 7.5 x 10' 2.8 x 10' 8.0x 10' 9.0 x 10J

20 9x 10' 1.1x10' 5.7 x 10' 6.4x 10' 4.2 x 10' LOx 10'

0.70
Titrarable acidity (% at lactic ,cid)

5 0.71 0.70 0.70 0.70 0.71 0.70
10 0.71 0.72 0.78 0.83 0.77 0.79 0.80
20 0.71 0.87 0.99 1.07 1.16 1.07 1.08

pH
5 4.2 4.2 4.2 4.2 4.2 4.2 4.2

10 4.2 4.2 4.0 4.0 4.0 4.0 4.0
20 4.2 4.0 3.9 3.8 3.8 3.8 3.8
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